Molecular architecture of the neurofilament. I. Subunit arrangement of neurofilament L protein in the intermediate-sized filament.
Using the smallest subunit (NF-L) of a neurofilament and a glial fibrillary acidic protein, the subunit arrangement in intermediate filaments was studied by low-angle rotary shadowing. NF-L formed a pair of 70 to 80 nm rods in a low ionic strength solution at pH 6.8. Two 70 to 80 nm rods appeared to associate in an antiparallel manner with an overlap of about 55 nm, almost the same length as the alpha-helix-rich central rod domain of intermediate filament proteins. The overlap extended for three-beaded segments, present at 22 nm intervals along the pairs of rods. The observations that (1) 70 to 80 nm rods were a predominant structure in a low ionic strength solution at pH 8.5, (2) the molecular weights of the rod and the pair were measured by sedimentation equilibrium as 190,000 and 37,000 respectively, and (3) the rods formed from the trypsin-digested NF-L had a length of about 47 nm, indicated that the 70 to 80 nm rod is the four-chain complex and the pair of rods is the eight-chain complex. Similar structures were observed with glial fibrillary acidic protein, indicating that these oligomeric structures are common to other intermediate filament proteins. NF-L assembled into short intermediate-sized filaments upon dialysis against a low-salt solution containing 1 to 2 mM-MgCl2 at 4 degrees C. The majority of these short filaments possessed four or five-beaded segments, suggesting that the pair of rods were arranged in a half-staggered fashion in neurofilaments. On the basis of these observations, we propose the following model for the intermediate filament subunit arrangement. (1) The four-chain complex is the 70 to 80 nm rod, in which two coiled-coil molecules align in parallel and in register. (2) Two four-chain complexes form the eight-chain complex by associating in an antiparallel fashion with the overlap of the entire central rod domain. (3) The eight-chain complex is the building block of the intermediate filament. The eight-chain complexes are arranged in a half-staggered fashion within the intermediate filament.